Introduction
Careful temperature control is essential for a wide variety of chemical measurements. High-precision potentiometry, for instance, requires thermostatting, since the slope of the straight line E vs log a is highly temperature dependent (E is the measured emf, log a is the logarithm of the activity of species i). The equation describing the relationship between the measured quantity and the activity of species is: E E k + RTln 10/(nF)log a where E k includes the normal potential as well as the medium effects, n is the number of electrons transferred in the redox process ( A quite different approach to the thermostatting problem is to use commercially available Peltier elements, which essentially work as electronic heat pumps, moving heat from one side of the element to the other. Such elements can be attached directly to the vessel to be thermostatted, thus making the thermostat bath superfluous. As a result, substantial changes of temperature can be performed very rapidly, in the order of ten minutes for a titration vessel containing 100 ml of aqueous solution. Since requirements for the thermostat system are that changes of temperature + between +5C and 40 C should be performed quickly and easily, this latter approach was chosen for the construction of the system. Description of the system hardware Thermometer A temperature sensitive integrated circuit was used (National Semiconductor NS LX5700), designed to give a change of output of 10 mV 1( -1 The sensor, which has a diameter of ca 5 mm, was mounted inside a plexiglass tube, at the extreme bottom end. A piece of plexiglass was glued on to seal the tube. Near the sensor, the plexiglass was ca 0.5 mm thick. aluminium) in order to obtain good heat conductivity and designed to contain 160 ml of solution. The system is shown in Figure 1 .
Description of the system software From the above description it is clear that this control system responds to the difference between actual and desired temperature as well as adapts to changes by adjusting the output current. Thus it works in a way similar to a proportional-integral control system.
A flow-chart of the program is shown in Figure 2 .
Nomogramm I
Ternlr T W der Warmst, Figure 4 . Nomogram showing the relations between the cold side temperature, the warm side temperature, the current through the Peltier element and the heat-pump effect, tChen three o[ these parameters are known, the fourth can be obtained from the nomogram. (Taken from Nortron data sheet).
The system described satisfies to the following requirements:
1. Deviation from desired temperature is +-0.01 K.
2. Rapid attainment of desired temperature. When working at low temperatures at least a factor of 100 faster than conventional thermostats.
3. Temperature programming is easily performed. 4. Does not introduce noise into the measuring system.
The time necessary to reach the desired temperature within +0.01 K depends on the magnitude of the change of temperature. A change of 10 K requires ten minutes, while a larger change, eg 20 K, can be performed within 15 to 20
minutes. An example is shown in Figure 3 .
According to the specification of the Peltier circuits, the maximum temperature difference that can be obtained between the two sides of the circuit is approximately 60 K, ie the temperature of the thermostat can vary within +60 K from the temperature of the coolant medium. The reason is that at 60 K the normal heat transfer through the Peltier elements due to the temperature difference is equal to the heat transfer produced by the Peltier effect (see Figure 4) . Thus the net heat pump effect is zero when the temperature difference between the hot and cold sides is 60 K. To put it more generally, the maximum temperature difference that can be obtained depends on how well isolated the system is.
It should be pointed out that the upper limit is set by the fact that the circuits are not designed to resist temperatures higher than +70C (90C for short periods). Since this system uses tap water of 15-20C as coolant, and since it is not well isolated, the temperature range is roughly -30 to +70C.
Most conventional thermostats use alternating current and generally they are controlled in such a way that all of the heating current is switched on and off. Such a system is a possible source of noise, which might disturb the measuring system. In the case of potentiometric titrations where high impedence electrodes are used, care must be taken to shield the measuring system from .the noise generated by the thermostat. With the approach described here, this source of noise is eliminated. The system is driven by direct current, and when the desired temperature is attained, only very small changes of current are needed to maintain the temperature constant.
Computer aided chemistry, specifically related to chromatography and spectro- 
